This paper explores analytical techniques to identify the environmental justice (EJ) population in a racially diverse area and to evaluate the benefits and burdens of transportation projects upon EJ and non-EJ populations. A statistical technique was developed to identify the block groups where minority and low-income populations were disproportionately concentrated, with variation in the size of the block groups taken into account. Four performance measures that represent the transportation benefits of and burdens on the identified EJ and non-EJ areas were determined to evaluate accessibility, mobility, safety, and equity. Specific questions and indexes for each performance measure were developed to define disproportionate impacts. To establish transportation projects' connection with local communities, those projects were categorized and selected on the basis of their type in addition to their geographical location. The method developed for Oahu, Hawaii, is transferable to states, cities, and metropolitan areas throughout the United States.
Reviews of recent federal transportation legislation indicate a shift of focus away from facility planning and onto policy development, system management, customer needs, and financing. The potentially uneven distribution of transportation benefits and burdens of federal policies on minority and low-income populations have become a growing concern.
To identify and to address this concern, Executive Order 12898 related to environmental justice (EJ) was issued in 1994. The order amplifies the principles of Title VI of the Civil Rights Act of 1964 by requiring that "disproportionately high and adverse human health and environmental effects of (federally-funded) programs" on minorities and low-income populations be identified and addressed. This paper is concerned with the problems of (a) identifying EJ populations in a racially diverse area such as Oahu, Hawaii, and (b) evaluating the transportation benefits and burdens represented by performance measures upon EJ and non-EJ population.
Oahu has one of the most racially diverse populations in the United States. The dominant Asian population along with the high percentage of racial mixes poses a particular challenge for identifying the EJ areas. In 2000, only 20% of the population was nonHispanic whites, meaning that 80% of the population would qualify as minorities as defined by the FHWA. Qualifying such a large proportion of the population as EJ would not only challenge common sense, it would more seriously mask the true EJ population for whom Executive Order 12898 is intended. Oahu needed a methodology that is not only technically valid but that would yield a set of EJ areas that concurs with local knowledge and common sense.
This paper integrates EJ assessment with transportation planning. A short-term transportation plan with a 3-year horizon, the State Transportation Improvement Programs (TIP) , were evaluated. This paper illustrates how the performance measures were evaluated in the EJ assessment context. The remainder of this paper presents a literature review, which is followed by identification of EJ areas, the evaluation of performance measures, and then conclusions.
LITERATURE REVIEW
For purposes of EJ, the FHWA provided a definition of "minority groups" that basically included everyone who is nonwhite or who is of Hispanic origin. Executive Order 12898 also required that EJ assessment be integrated with transportation planning. The most comprehensive review of this effort can be found in NCHRP Project 8-36 (11) (1) . Interviews were conducted with staff members at 15 state departments of transportation (DOTs), 22 metropolitan planning organizations (MPOs), and three transit agencies to determine the particular efforts these agencies were undertaking to address EJ in transportation system-level planning and project-development activities.
Identification of EJ populations is straightforward for the parts of the country where the minority population is small. The Mid-Ohio Regional Planning Commission (1, 2) , the Ohio-Kentucky-Indiana Council of Governments (1, 3) , the Puget Sound Regional Council (1, 4) , and the Wilmington Area Planning Council (1, 5) first defined an "average minority threshold" as the percentage of total minorities in the region. They then classified all small areas within the region with minorities equal to or exceeding this threshold as "EJ areas." For racially diverse regions where the total minority population exceeds 50% of the region's population, the "average minority threshold" method will not work. For example, the Metropolitan Transportation Commission (1, 6) found it necessary to analyze the minority groups individually to avoid having the "majority minority" dominate the EJ identification process, and the Southern California Association of Governments (1, 7) had to establish a threshold that is greater than its regional average so that only areas with more than 70% minority would qualify as EJ.
NCHRP Project 8-36 (11) (1) summarized "measures of benefit used" for EJ to include
• Accessibility to jobs or other activities, • Travel time to selected activity centers,
• Provision and quality of transit service, and • Other measures such as proximity to projects, user characteristics, and asset conditions. "Measures of burden used" might include
• Community cohesion-disruption;
• Economic (reduced business revenue and employment);
• Fiscal decline (tax base and property values);
• Costs borne by taxpayers;
• Displacement of residents, businesses, or public amenities;
• Restricted access to other transportation modes (i.e., pedestrian);
• Reductions in safety and personal security;
• Emissions, air quality, and health;
• Increased noise; and • Diminished aesthetics.
From a systems perspective, many of the negative impacts of transportation are hard to quantify because traditional assessment techniques depend on a level of detail about projects that can be cumbersome to implement for a regionwide collection of projects. NCHRP Project 25-19 (8) has resulted in a guidebook on methods, primarily quantitative, for assessing social and economic effects of transportation projects. Forkenbrock (9) demonstrates a methodology for using a noise-and-air-quality model in conjunction with census data and a geographic information system (GIS) to assess impacts in relation to population characteristics. A subsequent NCHRP Project 8-41 (10) provided a wide-ranging examination of possible approaches to EJ in transportation planning. It identified some 13 issues (such as air quality, water quality and drainage, safety, and community cohesion, among others) associated with transportation projects and suggested possible methods of addressing them. The report also suggested methods for identifying protected populations by means of demographic information such as census data.
Another dilemma that occurs in the evaluation of benefits and burdens is in establishing the evidence between transportation projects to local community: neighborhoods do receive direct benefits or direct burdens from transportation projects. This is especially true for some types of limited-access facility project. For example, a freeway viaduct widening does not necessarily improve accessibility for the local community. Likewise, high crash rates on the same freeway segment do not necessarily indicate a high risk of crash exposure for the local community.
IDENTIFYING EJ AREAS
This assessment of EJ is based on the guidelines and definitions promulgated by the FHWA. The FHWA defines "minority" as consisting of the following groups: black or African-American, American Indian and Alaska native (AIAN), Asian, native Hawaiian and other Pacific islander (NHOPI), Hispanic, or Latino. In addition, FHWA defines "low-income" population as persons who live in a household whose "income is at or below the Department of Health and Human Services (DHHS) poverty guidelines." DHHS (11) provides annual updates of the poverty guidelines that are used by the Bureau of the Census to calculate poverty.
Oahu's Demographic Profile
The racial composition of the population on Oahu differs greatly from that of the United States as a whole. Figure 1a summarizes the percentage distributions of the population on Oahu compared with those of the United States as whole. Whites represent a clear majority in the United States, accounting for over 75% of the population. In contrast, no racial group on Oahu can claim even half the population. The largest racial group on Oahu is Asian, with 46% of the island's population, followed by white, with a little over 21%.
Another significant difference and a telling measure of the diversity that characterizes the racial makeup of Oahu, lies in the proportion of the population reporting two or more races. Almost 20% reported multiple races on Oahu, while only 2.4% did so in the United States as a whole. Because the 2000 Census allowed, for the first time, respondents to choose more than one race, race data were generally summarized in two ways. When the respondents chose one race, they were identified as race alone population. The result is sometimes referred to as the "minimum" population of the race because it gives the minimum number of people that can be associated with the race. When multiple races were selected, the respondents were counted under race alone or in combination with one or more other races. For similar reasons, the result is sometimes referred to as the "maximum" population, because it is inclusive of all who indicated some affiliation with the race. The extent of the mixing of the races on Oahu is further illustrated in Figure 1b. Through comparison of the minimum population with the maximum population, the percentage of mixed race persons in the total racial tallies was found for the United States and for Oahu, as were the percentages for individual races on Oahu. Figure 1b shows that only 5% of the persons tallied in the United States are of mixed races, while on Oahu it is 37%. Furthermore, Figure 1b shows that the high mixed-race proportion applies to all races on Oahu.
In racially diverse areas, like Honolulu, where there is no clear majority and where one of the qualifying groups (Asian) is numerically dominant, the conventional approach would result in more than half of Oahu being identified as EJ areas-a result that challenges common sense. These observations indicate that conclusions and methodologies applicable to the other MPOs may not be appropriate or correct for Oahu. Accordingly, a unique EJ analysis methodology was developed and applied to better reflect the racial realities on Oahu.
Identifying Minority Population
The overriding objective of this analysis was to identify the areas on Oahu where EJ is a concern. In this assessment, minority concentrations were identified in terms of block groups, as tracts were too large and complete data were not available at the block level.
Because each minority group had to be separately analyzed, it was critical that the groups not be double counted: by the nature of the data, maximum population would cause such double counting. The alternative of using minimum population is not acceptable because of the two or more races category, which accounts for 20% of the island's population. This category exists only for statistical purposes. It has no racial, social, or cultural meaning, as no one would want to be identified simply as a person of two or more races. Thus, it would not be meaningful to identify the concentration of people who fall into this category.
For these reasons, a set of population figures that reflected the multiple racial character of the population, yet did not double count the population, was derived. The method involves combining the minimum population with the maximum population. For each block group, the adjusted population AP i of race i is computed as where min i = minimum population of race i, max i = maximum population of race i, and two = population in two or more races category.
The multirace component of the maximum population tallies was used to prorate the two or more races population count. The resultant multirace population counts were then added back in with the minimum population counts. However, because maximum population data were not available by block group, data at the tract level were used to distribute the two or more races population for the block groups. The assumption was that the tallies presented at the tract level were evenly distributed throughout that tract and thus could be applied as a proportion in each block group contained in that tract. This simplifying assumption could skew the block group racial estimates if the racial distribution were in fact not uniform within the tract. However, this possibility was mitigated by the fact that the potential error affects only the two or more races component of the block group population, which averages 20% islandwide. For block groups in which this component was significantly greater, the impact was partially offset by the fact that their racial tallies were reflected correspond-
ingly greater in the tract tallies. Nevertheless, it would be ideal if maximum population were available at the block group level. A two-step process was used to identify the disproportionate concentrations of minority groups. For each minority group, the process can be described as follows:
1. Normalize minority population concentration. The relative concentration (RC) of minority population in a block group is calculated by expressing its minority population as a percentage of the island's total minority population. To evaluate the significance of this concentration, however, it is necessary to take into account the size of the block group because the block groups vary greatly in size. The size of block groups is measured in population terms. The relative size (RS) of a block group is computed by calculating its population as a percentage of the islandwide population. To account for the difference in block group size, it is necessary to normalize the RC of each block group by rescaling it from the RS of the block group. This yields a normalized concentration (NC) as follows: Figure 2 uses the NHOPI result to illustrate the NC of the block groups. The NC curve has a sharp break in the slope, which can be used to demarcate the normal fluctuations from the more extreme or disproportionate concentrations of the minority population. 2. Analyze variations in the normalized minority. The NC differences between successive block groups are compiled, and their mean and standard deviation (SD) are computed. That is where j equals the block group and j +1 equals the next adjacent block group with higher NC.
This procedure is equivalent to analyzing the slope of the NC curve. The frequency distribution of these NC slope increments is shown in Figure 3 . Almost all the slope increments fall within one SD of the mean. The NC variations are considered normal up to the point where the slope increment of the NC curve exceeds a certain number of SDs from the mean of all the slope increments.
Various numbers of SDs were tested as the threshold. The selected threshold was 1 SD because it yielded a set of block groups that made sense on the basis of local knowledge and common experience.
Identifying Low-Income Populations
EJ requires the identification of not only minority races but also lowincome populations. In this methodology, low-income analysis was exactly analogous to minority analysis, and the procedure can be described in the same way. A total of 17 of the 435 block groups on the island were selected on the basis of low income. They correspond to well-known poverty areas, such as public housing areas and sites of past urban renewal projects.
Summary of EJ Areas
A total of 78 of 435 block groups were identified as EJ areas. This total reflects the selection of 70 block groups because of race and 17 because of low income.
There were nine block groups that qualified as EJ areas on the basis of either race or income. This means they had disproportionate concentrations of both minority groups and low-income popula- tion. These block groups were selected where the race and income criteria were applied independently. EJ areas should not be identified by requiring that the area be both minority and low income for two reasons: first, the FHWA guidelines clearly state that EJ is concerned with the low-income population regardless of its race and with minority groups regardless of their level of income; second, the census does not have data that jointly describe income and race for the geographic unit of interest, which is the block group. Requiring that the minority and low-income criteria be jointly met in a block group will lead to erroneous conclusions and the consequent misidentification of EJ areas.
EVALUATIONS OF PERFORMANCE MEASURES
Four performance measures representing the transportation benefits and burdens for the identified EJ and non-EJ areas were determined to evaluate accessibility, mobility, safety, and equity. Their definitions, questions for their assessment, estimation procedures, and data sources are summarized in Table 1 . The following section explains in detail how the performance measures were evaluated.
Accessibility and mobility measures were evaluated with TDFM. The EJ areas were identified at the block group level of the U.S. census data. However, TDFM is based on a spatial unit TAZ. (In the remainder of this paper, "TAZ" will be referred to as "zone.") The conversion of the designation EJ to zone level was made on the basis of the block group and TAZ equivalency table, in which block groups and zone were matched at a smaller geographic component, census block. The conversion yielded 111 zones as EJ areas of a total of 762 zones.
Estimations of the determined performance measures were conducted for three scenarios. To evaluate the transportation expenditure for each block group, it was necessary to allocate the cost of transportation projects to segments of the community. For projects sited at a single location (spot projects), the entire value of the project was attributed to the block group in which the project was located. For projects that involved improvement or expansion of some length of route in the transportation system (network projects), the value of the project was allocated by the mile and then aggregated within the block group.
Accessibility
The accessibility measure evaluates the ease of reaching opportunities by means of surface transportation. In this assessment, "opportunities" were defined as job, college, shopping, and medical services. The trip attractors representing the top employment centers, universities, shopping centers, and hospitals were identified. The accessibility performance measure tested travel time for groups of trip attractors. It answered this question: Will EJ zones have comparable access to specific groups of trip attractors as non-EJ zones have?
The initial step in identifying trip attractors for each trip category was to use the TDFM's person-trips. The TDFM identified the top zones for home-based work trips, home-based college trips, and homebased shopping trips. (Medical trips were included in home-based other trips and were not distinguishable within this category.) Adjustments were made to take into account the information from other data sources such as employment centers, college relocation, new shopping centers, shopping center area, and the number of beds in hospitals. As A reasonable travel time threshold to measure the accessibility of the zones to the identified trip attractors was required. The travel time threshold was determined by the 75th percentile travel time from all zones to all zones by trip purpose for automobile mode and transit mode. Automobile travel times were matched with the persontrip table by trip purpose to compute the 75th percentile travel time originating from each zone. The 75th percentile travel time by transit mode was derived in the same fashion. The 75th percentile travel time by trip purpose for auto and transit and the selected thresholds are summarized in Table 2 . The thresholds were used to define how many EJ and non-EJ zones were within the travel time thresholds from all zones to the identified trip attractors. GIS was used to produce the visual presentation of this process.
The accessibility ratio (AR) was created to indicate significant differences in the proportion of zones within the travel time threshold between EJ and non-EJ zones for each trip attractor group. AR is expressed as where N = total number of trip attractor zones in the identified trip attractor group (N = 8 for employment center, 9 for university, 13 for shopping center, and 15 for hospital), where TTT = travel time threshold for the trip attractor group.
It is important to weigh A n with the person-trips because doing so offsets any one zone having an undue influence on the AR result. The AR serves as an index of how the EJ zones are treated compared with non-EJ zones relative to accessibility: AR < 1 indicates that the EJ zones have a lower accessibility; AR = 1 indicates equity; and AR > 1 indicates that the EJ zones have a better accessibility than non-EJ zones. The calculated ARs are summarized in Table 3 by trip purposes and by mode for the three examined scenarios. The table shows that the EJ zones were better served by transit where all ARs > 1. EJ zones had less accessibility to identified trip attractor groups, except hospitals, by automobile. This finding agreed with the prevailing experience that transit plays an essential role in providing accessibility to minority and low-income populations. Through the transportation plans, the accessibility provided to EJ zones either showed improvement or did not decline considerably.
Mobility
The mobility measure evaluates the ease of movement of people, goods, and services. Providing transportation to work for population groups is the top priority for establishing an equitable transportation system. Therefore, the most important aspect of this measure was to evaluate how easily the EJ population got to work vis-à-vis the non-EJ population, given that employment is the most effective way to improve the disadvantageous status of the EJ population. Compared with the travel time analysis from all zones to the identified trip attractors in the accessibility measure, the mobility measure tested overall system home-to-work travel time from all zones to all zones. The mobility measure answered this question: Will EJ zones experience time savings comparable to those for non-EJ zones in the future transportation systems? The 75th percentile home-to-work trip travel times in the three scenarios were calculated for both automobile and transit. Travel times by automobile were matched with the person-trip table by home-to-work trip purpose to compute the 75th percentile persontrip time originating from each zone. The 75th percentile travel time by transit mode was derived in the same way. The travel time savings were the differences in travel time between the baseline condition and the condition of the future transportation systems.
The results are summarized in Table 4 : non-EJ zones were superior on the 75th percentile home-to-work travel time over the EJ zones. The advantages persisted but decreased in magnitude with the future transportation systems in place. EJ zones were expected to experience greater travel time savings in the future. While the travel time savings by transit for the EJ zones were comparable to those of the non-EJ zones, the travel time savings by automobile for the EJ zones were remarkable.
Safety
The goal of safety improvement in the transportation system is to reduce the risk of crash and injury. The safety measure answered two questions: Do EJ areas experience a comparable risk of crash or injury to non-EJ areas? Are safety improvement projects allocated evenly between EJ and non-EJ areas?
The first step was to evaluate the risk of accident or injury as measured by the annual crash rate. It was desirable to have available the vehicle registrations and driver licenses of the persons involved in crashes to establish evidence between crash location and local safety. But the local transportation authority does not participate in all data-sharing plans with the NHTSA, and the vehicle and driver's information cannot be released due to potential violation of a driver's privacy. Only crash type and location were provided for this study.
The number of crashes per million vehicle miles traveled (MVMT) for each census block group was used to evaluate the risk of a crash. MVMT for each zone was derived from TDFM. Crashes and MVMT that occurred on limited-access facilities such as freeways were excluded from the equation because these crashes did not necessarily indicate local crash exposure. Three categories of crashes, including pedestrian and bicycle crashes, were provided: fatal, injury only, and property damage only. A total of 44,535 crashes were recorded for years 1995 to 2001.
The crash data and MVMT had to be available at the same geographic level (either zone or block group geography) to conduct the analysis. To convert the MVMT from zones to block groups, the MVMT at the zone level was equally allocated to the blocks affiliated with each zone, and then the MVMT at the census block level was aggregated to census block groups. The number of blocks that the zone contained was determined by using the block group and TAZ equivalency table. The process can be expressed mathematically as Converting MVMT from traffic zone to block group in this way could have been problematic because blocks are defined mainly on the basis of visible physical features, with extremely little regard for transportation concerns. Therefore, treating all the blocks within a traffic zone as having identical MVMT was a simplifying assumption necessitated by data availability. In future efforts, the blocks should be weighted by some transportation attributes before they are aggregated into block groups. The annual crash rate was in about 5.3 crashes per MVMT, as summarized in the second column of Table 5 The third step was to determine the safety improvement projects for each block group. Unfortunately, it was not easy to estimate the degree to which a project improved accessibility, increased the speed of through traffic, or reduced the risk of crashes. Among all projects in the transportation plans, 18 types of projects-including bridge improvement, guardrail, rehabilitation, street lighting, and intersection signalization-were empirically categorized as safety improvement projects. Then the identified safety improvement projects on limitedaccess facilities were removed because those projects do not produce direct benefit to the residents in the same block group. All block groups were labeled as having or not having a safety improvement project in the transportation plans.
In the last step, the proportion of block groups having an annual crash rate over 5.0 and one or more safety improvement projects were estimated for EJ and non-EJ block groups. The results for TIP 2004 to 2006 and TOP 2025 are summarized in the third and fourth columns of Table 5 . Both plans show that a considerably higher percentage of EJ block groups than non-EJ block groups received safety improvement projects.
Equity
To comply with EJ, equity in the distribution of benefits of and burdens from transportation decision is paramount. The equity measure evaluated the distribution of transportation expenditures in transportation plans. It answered this question: Are transportation plan expenditures allocated equitably between EJ and non-EJ areas?
Two indices were estimated for EJ and non-EJ block groups: the percentage of block groups receiving a transportation expenditure and the average expenditure per block group. The projects in the transportation plans were categorized so that only the projects with evident local benefits were selected. For example, the budgets for improvement of sidewalk, bus shelters, and local pavement were included in the transportation expenditure and the budgets for limited-access facilities, such as freeway interchanges, were not.
The results are summarized in Table 6 . There was a significantly higher percentage of EJ block groups receiving transportation expenditures than of non-EJ block groups for both transportation plans. In TIP 2004 to 2006, the average transportation expenditure in the EJ block groups was double that of the non-EJ block groups. In TOP 2025, the EJ block groups received slightly smaller transportation expenditures than the non-EJ block groups.
CONCLUSION
This paper outlined the EJ assessment on Oahu. A unique approach was applied to identify the EJ areas so as to address the dominant Asian population and the high percentage of racial mixes. The methodology developed for Oahu can be applied anywhere in the country because it takes into account the interplay of factors involving income distribution, settlement characteristics, and variations in the size of the geographic units used to select EJ population. It is particularly useful for racially diverse areas.
Four policy considerations-accessibility, mobility, safety, and equity-were assessed for the baseline condition and for the transportation plans TIP 2004 to 2006 and TOP 2025. Specific questions and indexes for each performance measure were developed to define disproportionate impacts. In dealing with the difficulty of identifying transportation projects' impact to local communities, the transportation projects were categorized and selected on the basis of their types.
The data sources on which this methodology is based are readily available for other metropolitan areas; therefore this methodology is applicable to other MPOs.
